Intracellular phospholipid movement and the role of phospholipid transfer proteins in animal cells.
The mechanism of the intracellular movement of phospholipids from their site of synthesis in the endoplasmic reticulum to mitochondria and other cell membranes is a major unsolved problem of cell biology. Phospholipid transfer proteins of varying specificity found in the soluble supernatant fractions of many tissues catalyze the transfer of phospholipids from microsomes to mitochondria in vitro. They are postulated to play a similar role in vivo, but evidence for their function in living cells is lacking. We have now used an analogue of choline, N-propyl-N,N-dimethylethanolamine [PDME, (2-hydroxyethyl)dimethylpropylammonium hydroxide], to devise a test for the function of the transfer proteins in living cells. The rates of translocation of newly synthesized phosphatidylcholine and the analogue phosphatidyl-PDME in living cells were compared with the rates of transfer in vitro catalyzed by soluble transfer proteins extracted from the same cells. Labeled PDME, choline, and ethanolamine were found to be rapidly incorporated into the lipids of isolated rat hepatocytes and of baby hamster kidney (BHK-21) cells in culture. The translocation of newly synthesized phosphatidylcholine and phosphatidyl-PDME was very rapid in both types of cells with a half-time for equilibration of a few minutes, while the translocation of phosphatidylethanolamine was much slower, with a half-time 20-80 fold longer than those of the other two phospholipids. We then compared these relative rates of movement with the activities of the phospholipid transfer proteins of the respective cells. Partially purified phosphatidylcholine transfer protein from rat liver transfers phosphatidylcholine and phosphatidyl-PDME at identical rates but transfers phosphatidylethanolamine at a rate too low to be detected. This result is consistent with an essential function of this transfer protein in vivo. In contrast, partially purified phosphatidylcholine phospholipid transfer protein from BHK cells transfers phosphatidylcholine rapidly, while no transfer of phosphatidyl-PDME and phosphatidylethanolamine was detected. We further found that the specific phosphatidylcholine transfer protein of BHK cells accounts for nearly all of the transfer activity detected in the crude soluble fraction. The rapid translocation of phosphatidyl-PDME in vivo in BHK cells is therefore inconsistent with the postulate that soluble phospholipid transfer proteins are responsible for the rapid movement of phospholipids from microsomes to mitochondria in living cells.